A total of 3,250 serum specimens collected in England in 1991 and 1992 were tested by an indirect enzyme-linked immunosorbent assay for antibody to Norwalk virus using baculovirus-expressed capsid antigen, and 2,382 (73.3%) were positive. The prevalence of Norwalk virus antibody differed regionally. It was lowest (24.6%) in 6-to 11-month-old infants and increased to 89.7% in persons over 60 years old.
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Norwalk virus, although associated with winter vomiting disease (1) , is a major cause of food-borne epidemics of nonbacterial gastroenteritis in the United Kingdom and worldwide (15) . It has been shown to be the etiologic agent of gastroenteritis in more than 90% of food-borne outbreaks in which a virus has been identified (21) . Norwalk-like viruses such as Snow Mountain agent (6) , Hawaii agent (17) , and Taunton agent (4) all produce Norwalk-like illness and are biologically and morphologically similar to Norwalk virus (15) . The true incidence of infections with Norwalk and Norwalk-like viruses is unknown, as the illness is generally mild, and therefore many cases of viral gastroenteritis go unreported (15) .
Although various studies have been carried out to investigate the prevalence of antibody to Norwalk virus (2, 3, 5, 7, 10, 16, 22, 23) or the incidence of Norwalk virus infection (11, 22) , the inability to grow the virus in vitro has meant that an abundant and consistent supply of Norwalk virus antigen has so far not been available. Therefore, epidemiological studies on a large scale are lacking.
The recent cloning and characterization of Norwalk virusspecific cDNA (13, 19) have led to the production of immunologically reactive recombinant Norwalk virus antigen particles (rNV) (12, 14) . In the laboratory of one of us (M. K. Estes), a clone comprising the total sequence for the capsid has been expressed in baculovirus-infected insect cells, and empty capsids were formed from this expressed protein (14) . The antigenicity of this recombinant antigen was comparable to that of the native antigen, and it was shown to react sensitively and specifically with well-characterized sera obtained from previous Norwalk virus-associated outbreaks (9) . In the present study, this Norwalk virus capsid antigen was used in an indirect enzyme-linked immunosorbent assay (ELISA) to determine the prevalence of Norwalk virus antibody in several subpopulations in England.
In total, 3,250 serum samples were collected between January 1991 and May 1992 from hospital patients, patients attending outpatient clinics, and healthy blood donors in the northwest (Preston and Manchester), Yorkshire (Leeds), West Midlands (Birmingham), East Anglia (Cambridge), Berkshire (Reading), Kent (Ashford), and Devon (Exeter) * Corresponding author. regions of England. All sera were selected at random. With the exception of those from East Anglia, the sera were from the collection of the ongoing Public Health Laboratory Service combined mumps, measles, and rubella vaccine surveillance study (20 509 children of 1 to 4 years of age was 50.5% and increased (P < 0.001) to 70.2% in 584 5-to 9-year-old children. A further increase (P < 0.001) to 81.4% was seen among 495 20-to 29-year-old adults, and the prevalence continued to rise slowly for older adults, with 227 of 253 (89.7%) adults older than 60 years being antibody positive.
A limited number of sera that were collected from the 6-month-to 5-year-old children and were Norwalk virus antibody negative at a 1:100 dilution were retested at 1:20 and 1:50 dilutions. A few of these sera scored weakly positive at the 1:50 dilution (within 10% of the assay cutoff point), but no significant increase of seropositivity in these age groups was recorded when these lower dilutions were tested. Seroepidemiological studies to determine the age prevalence of Norwalk virus antibody have been performed with serum samples collected in several countries. The majority of these studies have examined the prevalence of Norwalk virus antibodies in young children. In studies performed on serum samples collected from children in Thailand (7), Panama (23), Taiwan (5), the Philippines (5), the United States (10), and Bangladesh (2), the prevalence of Norwalk virus antibodies ranged from 10% at 2 years of age and 60% at 5 years of age in Taiwan to 80% at 2 years of age and 98% at 5 in Panama. In a study performed with serum samples collected from adults in the United States, Belgium, Switzerland, Yugoslavia, Bangladesh, Ecuador, and Nepal (9), the seroprevalence of Norwalk virus antibodies was <50% in the 18-to 19-year-old age group in Yugoslavia and >80% in the same age group in Ecuador and was >60% in those over 50 years of age in all countries studied.
More-detailed analysis of the data of the present study (Table 1) indicated that the high prevalence of Norwalk virus antibody detected in infants less than 6 months old (75.2%) most likely reflected the presence of maternal antibodies. There was a statistically significant increase (P < 0.001) in prevalence from 24.6% in 6-to 11-month-old infants to 48.4% in 1-to 2-year-old children. This increase may be associated with children becoming more mobile and having more contact with siblings. The seroprevalence then remained relatively static to the age of 5 years. The next significant increase (P < 0.001) in Norwalk virus antibody prevalence occurred at 5 years of age, when 69 of 97 (70.2%) children (part of the 5-to 9-year-old group [ Table 1 ]) had detectable antibody. This coincides with children's starting school. The prevalence increased only slightly throughout the teenage years. A further significant increase (P < 0.01) in antibody prevalence was detected in the 20-to 29-year-old group (81.4%) ( Table 1) ; still-susceptible individuals in this age group may acquire primary infections from their recently infected young children. The prevalence remained high in older groups, with 87.1% of the 290-year-old population being Norwalk virus antibody positive.
In order to determine whether regional differences in the prevalence of Norwalk virus antibody existed, the results were analyzed according to the geographic area of collection (Fig. 1) . Some regional differences in the prevalence of Norwalk virus antibodies were recorded (Table 2) . Results obtained from samples collected in laboratories at Preston and Birmingham, whose catchment areas cover the large urban populations in the northwest of England, indicate that infection is acquired earlier in life there than in the more rural areas in the south of England, such as East Anglia, served by the Cambridge laboratory. This is demonstrated in the results for the 6-to 11-month-old infants; 30.2 and 33.3% of the sera from children in this age group from Preston and Birmingham, respectively, were Norwalk virus antibody positive, whereas none of the sera collected from 6-to 11-month-old infants in Cambridge was positive (P < 0.001). In the 12-to 23-month-old children, by contrast, there were no significant (P < 0.05) differences in antibody prevalence between urban regions (Preston, Manchester, Leeds, and Birmingham) and rural areas (Cambridge, Reading, Ashford, and Exeter) ( Table 2 ). Although the rate at which Norwalk virus infection is acquired varies across regions, more than 80% of the population between the ages of 30 and 40 years in all of the regions studied had Norwalk virus antibodies. Although the high prevalence of >80% detected in the population .90 years of age may be due to the sensitivity of the assay, it also may reflect reinfection in an elderly population with waning antibody levels, as has been demonstrated with rotavirus (8) .
Individuals are at risk of infection with Norwalk virus from the time when maternal antibodies wane. Although infection with Norwalk virus can occur at any time after this, significant rises in the prevalence of Norwalk virus antibody may correspond with specific events. At around 1 year of age, when a child is becoming mobile; at 3 to 5 years of age, when a child may attend a play group or nursery school; at 5 years of age, when a child starts attending school; at 11 or 12 years of age, when a child changes schools; and between 20 and 30 years of age, when changes in life-style or contact with one's own children may be the source of infection, Norwalk virus antibody prevalence has shown significant increases.
Differences in the reported age prevalence of Norwalk virus antibodies in this and other studies (2, 3) may be caused by differences in assay sensitivity (16) or the choice of antigen or geographic location (10) . It was recently shown that the baculovirus-expressed rNV and native Norwalk virus reacted very similarly in immune electron microscopy tests and ELISAs (9) , and baculovirus-expressed rNV now provides an ample quantity of antigen for large epidemiological studies. Norwalk virus is one of a group of Norwalk-like agents which includes Snow Mountain agent, Hawaii agent, Taunton agent, and other related viruses. Although antigenic relatedness among the Norwalk-like agents has been demonstrated, it may be restricted to a one-way cross-reaction (18) 
